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Atrioventricular conduction delay (AVCD) impairs left ventricular (LV) filling and consequently leads to a reduc-
tion of cardiac output. We hypothesized that in patients with severely depressed LV function and coexisting
intraventricular conduction disturbances (IVCD), AVCD can affect exercise performance. Therefore, we evaluat-
ed the association of AVCD and exercise capacity in patients with heart failure (HFREF) and coexisting IVCD.
We included patients with stable, chronic HFREF, LVEF <35%, sinus rhythm, and QRS 2120 ms. PR interval and
peak oxygen consumption (VO, Peak) were specifically investigated. Multiple regression analysis was used to ad-
just the association between PR interval and VO, _, for possible confounders.

Most (57.5%) of the 40 included patients [20% female, aged 63+12, 47.5% of ischemic etiology (IHD)] were in
NYHA class Ill. Mean PR interval was 196+38.1 ms. There were 26 (65%) patients with PR interval <200 ms and
14 (35%) with >200 ms. Groups were similar in clinical, laboratory, echocardiographic parameters, QRS mor-
phology, and treatment regimens. VO, was lower in patients with longer PR interval group as compared to
shorter PR interval group (12.3+4.1 vs. 17.06+4.4, p=0.002). In the regression model, PR interval, female sex,
and IHD remained important predictors of VO -0.50, p=0.003; rpamal=—0.48, p=0.005; rpamal=—0.44,
p=0.01; R?=0.61).

Delayed AV conduction contributes to decreased exercise capacity in patients with HFREF and coexisting IVCD.
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Background

Cohort studies and clinical trials suggest that atrioventricular
conduction delay (AVCD) carries a significant risk for adverse
prognosis. Prolongation of PR interval on surface electrocardio-
gram (ECG) has been shown to be associated with a 1.24-fold
increase in long-term risk for all-cause mortality, heart failure
(HF), and atrial fibrillation in the general population [1]. In pa-
tients with ischemic heart disease (IHD), presence of AVCD was
linked to an increased risk for both HF hospitalization and over-
all mortality [2]. HF patients with elongated PR interval present
a »3-fold increase in risk for death, HF hospitalization, and de-
terioration [3-5]. Several studies have shown that cardiac re-
synchronization therapy (CRT) brings more benefit in terms of
mortality and morbidity to patients with prolonged vs. normal
PR interval, regardless of QRS duration and morphology [3-7].

While it has been shown that QRS duration of 2120 ms in pa-
tients with HF with reduced ejection fraction (HFREF) is asso-
ciated with more advanced myocardial disease, worse exercise
capacity, and worse prognosis as compared to those with QRS
<120 ms [8], the evidence on the relationship between AVCD
and exercise capacity in this group of patients is very limited.
Prolongation of atrioventricular (AV) conduction may impair
left ventricular (LV) diastolic filling, the presence of AVCD in the
severely diseased subset of HFREF patients with coexisting in-
traventricular conduction disturbances (IVCD) may lead to fur-
ther reduction of already impaired cardiac output, escalate the
severity of symptoms, and thereby decrease exercise capacity.

Correction of prolonged PR interval by CRT pacing may poten-
tially attenuate this diastolic under-filling, improving overall LV
hemodynamics. In fact, results of 1 trial’s subanalysis showed
that patients implanted with a CRT device who had baseline
PR interval 2180 ms exhibited significant increase in peak ex-
ercise oxygen consumption (VO, peak) in comparison to those
with PR <180 ms, who derived no benefit [9].

As decreased exercise capacity is one of the cardinal manifesta-
tions of HF, its measurement provides valuable pathophysiologic
and clinical information. It directly reflects disease severity, al-
lows prognostic stratification, and guides therapeutic decisions.

In the present study, we aimed to assess the impact of AVCD on
exercise capacity in patients with HFREF and coexisting IVCD.

Material and Methods

Study group

We retrospectively included in this study consecutive patients
with chronic HFREF, who were considered to undergo CRT
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device implantation at John Paul Il Hospital in Cracow, Poland
between 2013 and 2014.

Inclusion criteria were: New York Heart Association (NYHA)
functional classes II-1V despite optimal medical therapy and
coronary revascularization, without exacerbations within the
past 3 months; LV ejection fraction (LVEF) <35%; sinus rhythm;
and QRS duration 2120 ms on 12-lead ECG. Exclusion criteria
were: persistent atrial fibrillation and a history of any pace-
maker or cardioverter defibrillator implantation; significant re-
spiratory disease; and neurological or orthopedic disorders lim-
iting exercise. Unstable, exacerbated patients presenting with
pulmonary congestion or peripheral edema were also not in-
cluded in the study.

All patients provided written informed consent to participate
in this study. This study was performed in accordance with the
Declaration of Helsinki and was approved by the Institutional
Ethics Committee at Jagiellonian University in Cracow, Poland.

All measurements and patient medical records were prospec-
tively acquired by the authors themselves.

Electrocardiography

Standard 12-lead ECGs were recorded in all patients at the
paper speed of 25 mm/s, calibrated at 1.0 mV/cm. PR inter-
val and the QRS duration were measured and the QRS mor-
phology was analyzed according to practice guidelines [10].
AVCD was defined as PR interval >200 ms. Based on the PR in-
terval length, we divided patients into 2 groups: (1) <200 ms
and (2) >200 ms. Left bundle branch block (LBBB) was defined
according to contemporary guidelines [11]. IVCD other than
LBBB were classified as RBBB or non-specific IVCD (nsIVCD).

Cardiopulmonary exercise test

Exercise capacity was evaluated by means of cardiopulmo-
nary exercise test (CPET) performed using a Reynolds Medical
TMX425 TRACKMASTER treadmill unit with continuous mea-
surement of oxygen consumption (VO,), carbon dioxide produc-
tion (VCO,), and minute ventilation (VE) on a Reynolds Medical
ZAN-600 respiratory gas analyzer. Modified Naughton protocol
was applied to all patients [12,13]. VO,, VCO,, and VE were ob-
tained by breath-by-breath analyses of the expired gas. VO, .,
was defined as the highest value of oxygen uptake attained in
the final 30 s of exercise. VO, ., was calculated as weighted
terms (ml/kg per min) and as a percentage of predicted max-
imal exercise oxygen consumption (VO, ) in relation to age
and sex. Anaerobic threshold (AT) was defined as a submax-
imal VO, level where there is a nonlinear rise in VE and VCO,
and expressed as ml/kg per minute. Respiratory exchange ra-
tio (RER) was defined as the VCO,/VO,
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Maximum age-predicted heart rate was calculated by the for-
mula: 220 — age, and was used to determine the presence of
chronotropic incompetence (Cl), defined as failure to achieve
85% of age-predicted maximal heart rate [14,15].

Echocardiography

We used the commercially available Vivid 7 device (GE Medical
System, Horten, Norway) equipped with a phased-array 3.5-
MHz transducer to perform echocardiographic examinations.
LVEF, as a measure of LV systolic function, was calculated us-
ing the Simpson biplane method [16]. The ratio of early diastol-
ic mitral velocity to early diastolic velocity of the mitral annu-
lus (E/e’) was used as a measure of LV diastolic function [17].

Statistical analysis

Categorical variables were described as counts and percent-
ages and continuous variables as means + standard devia-
tions or median and interquartile range. We used the unpaired
Student’s t-test for normally distributed variables, the Mann-
Whitney U-test for non-normally distributed continuous data,
and the chi-square test for categorical data to compare pa-
tients with and without AVCD. Pearson correlation coefficient
(normal distribution) or Spearman rank correlation (non-normal
distribution) were used to investigate associations between
continuous variables. We examined correlations between (a)
age, sex, etiology, LVEF, E/e’ ratio, levels of creatinine and he-
moglobin, QRS duration and morphology, PR interval and (b)
the VO, . Multiple stepwise linear regression analysis with
the use of a manual forward variable elimination method was
consecutively used to adjust the association between PR inter-
val and VO, peak for possible confounders such as age, sex, HF
etiology, LVEF, E/e’ ratio, levels of N-terminal prohormone of
brain natriuretic peptide (NT-proBNP), creatinine and hemo-
globin, QRS duration and morphology, and the presence of Cl
[18]. The significance level was set at p<0.05. Statistical anal-
yses were performed with Statistica PL software [StatSoft, Inc.
(2014). STATISTICA (data analysis software system), version
12. www.statsoft.com] and MedCalc version 11.6.1.0 (MedCalc
Software, Mariakerke, Belgium).

Results

Patients characteristics

Among 52 eligible patients, 11 were excluded due to missing
CPET data and 1 due to lack of informed consent. The study
group was composed of 40 participants. Clinical characteristics
of the study participants are shown in Table 1, indicating re-
cruitment of a typical group of community-based HFREF patients
meeting established criteria for the CRT device implantation [19].

CLINICAL RESEARCH

Most of the patients were male [32(80%)]. Most were in class
1l by NYHA [23(57.5%)], 22 (55%) were in class II, and 6 (15%)
were in class IV. Ischemic etiology was present in 19 (47.5%).
A substantial proportion of patients were treated in accor-
dance with contemporary guidelines [20]. Thirty-nine patients
used beta blockers (97.5%); 39 (97.5%) used angiotensin-con-
verting enzyme inhibitor or angiotensin receptor blocker; 36
(90%) used aldosterone receptor antagonist; and 37 (92.5%)
used loop diuretics. The mean LVEF was 23.8+5.3% and the
mean E/e’ ratio was 15.1+5.7. Median QRS duration was 140
ms [120-160].

Mean PR interval was 196+38.1 ms. There were 26 (65%) pa-
tients with PR interval <200 ms and 14 (35%) with PR inter-
val >200 ms. Comparisons of these 2 groups are presented in
Table 1. Groups did not differ in terms of demographic, clin-
ical, laboratory, echocardiographic parameters, or treatment
regimens. QRS duration was shorter in patients with AVCD.
Prevalence of LBBB, RBBB, and nsIVCD was similar in both
groups.

CPETs were performed without serious complications, chest
pain, or ischemic ECG changes in all patients and were ter-
minated if there was shortness of breath or general fatigue.
Detailed CPET parameters are shown in Table 2. Exercise ef-
fort achieved by study patients was considered diagnostic
with a median RER of 1.04 [0.97-1.14]. Mean VO, peak WS
15.4+4.8 ml/kg/min. Patients with PR interval >200 ms had
lower VO, peak‘% of predicted VO, _, exercise duration, and
load in comparison to patients with PR interval <200 ms and
expressed a trend towards decreased ventilatory response to

exercise (VE/VCO,).

Cl was present in 17 (42.5%) patients. Patients with Cl had low-
er VO, ., and longer PR interval as compared to those with-
out (12.9+4.8 ml/kg/min vs. 17.2+4.1 ml/kg/min, p=0.004,
respectively) and (217.6+32.2 ms vs. 180+34.5 ms, p=0.001,

respectively).

In relation to the PR interval at rest, decrease of its duration
on exercise was observed in 15 (37.5%) patients and remained
unchanged in the remaining 25. Neither exercise-induced elon-
gation of PR interval nor occurrence of higher degree AV block
was seen in any of the patients. No differences in VO, _, were
observed in those with decreased and unchanged PR inter-
val on exercise (16.1+3.6 ml/kg/min vs. 14.945.4 ml/kg/min,

p=0.47, respectively).

Investigation for associations showed that age, ischemic eti-
ology, PR interval, and the presence of Cl were significant-
ly correlated with VO, peak (Table 3) The correlation between
PR interval and VO was negative, indicating that patients

2 peak
with AVCD had lower VO In the multiple stepwise linear

2 peak”
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Table 1. Clinical characteristics of the study patients.

All patients

Variable (n=40)

PR interval <200 ms
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PR interval >200 ms

(n=26) (n=14)

63.2+13.5 62.6+9.1 0.86

Loop diuretics [n (%)] 37

BMI — body mass index; NYHA — New York Heart Association; NT-proBNP — N-terminal prohormone of brain natriuretic peptide;
Hb — hemoglobin; LVEF — left ventricular ejection fraction; E/e’ — ratio of early diastolic mitral velocity to early diastolic velocity of the
mitral annulus; HR — heart rate; LBBB — left bundle branch block; nsIVCD - non-specific intraventricular conduction disturbances;

ACE - angiotensin converting enzyme.

regression model, PR interval, female sex, and ischemic eti-
ology remained important predictors of exercise capacity in
the studied group.

Discussion

AVCD is a cardiac conduction system dysfunction, which is man-
ifested by lengthening of PR interval on surface ECG. Duration
of PR interval tends to increase with age. Prevalence of AVCD
varies among different groups of patients. It becomes more
common among patients with IHD and HF [2,21].

There is emerging evidence suggesting that, contrary to what
was conventionally believed, prolongation of PR interval car-
ries a risk for unfavorable prognosis. In a meta-analysis of 14
population-based studies that evaluated clinical outcomes in
relation to the length of PR interval, with a total number of 400
750 participants, elongated PR interval was associated with
a 1.24-fold increase in risk for all-cause mortality, a 1.39-fold
increased risk for heart failure or LV dysfunction, and a 1.45-
fold increased risk for atrial fibrillation [1].

Similarly in the existence of cardiac disease. In patients with
IHD, presence of AVCD was linked to an increased risk for both
heart failure hospitalization (2.33-fold) and overall mortality
(1.58-fold) over a period 5-year follow-up [2]. A longitudinal
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Table 2. Cardiopulmonary exercise tests parameters.

All patients

Variable

PR interval <200 ms

CLINICAL RESEARCH

PR interval 200 ms

(n=40)
Time of exercise [sec] 548+240
Bxerciseload [METS]  54[35-63]
vo, ., [mlkg/minl 154848

2 peak

(n=26) (n=14)
6231213 409+231 0.005
sal4se3 39[25-54] 0005
1706:44 12341 0002

Cl[n (%)] 17 (42.5)

10 (71.4)

VO

2 peak

— peak oxygen uptake;% pred VO

2 max

— percentage of predicted maximal exercise oxygen consumption; AT — anaerobic

threshold; VE/VCO, — minute ventilation to carbon dioxide production ratio; RER - respiratory exchange ratio; Cl - chronotropic

incompetence.

Table 3. Association between clinical, laboratory, electro- and echocardiographic variables and VO

Univariate analysis

Variable

2 peak®

Multivariate analysis (R=0.61)

Age [years]

Etiology [0 — non-ischemic;
1 — ischemic]

partial
0.001
0.11 —-0.48 0.005
0.003 -0.44 0.01

NT-proBNP [pg/ml]

- 0.29 (-0.55 to0 0.03)

VO — peak oxygen consumption; LBBB — left bundle branch block; CI — chronotropic incompetence; LVEF — left ventricular ejection

2 peak

fraction; E/e’ — ratio of early diastolic mitral velocity to early diastolic velocity of the mitral annulus; Hb — hemoglobin;

NT-proBNP — N-terminal prohormone of brain natriuretic peptide.

observational study of patients with idiopathic dilated cardio-
myopathy disclosed a 3.1-fold higher risk for all-cause mortal-
ity related to the presence of AVCD [22]. As in patients with
chronic HFREF and coexisting IVCD, delay in AV conduction led
to a 1.4-fold to »3-fold increase in risk for death, HF hospital-
ization, and deterioration [4-6].

This work is licensed under Creative Common Attribution-
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Interventional trials with implantable pacing devices conducted
in patients with HFREF and a wide QRS complex have not only
generated substantial data on such therapy, but also provided in-
sight into the clinical meaning of PR interval prolongation, raising
the question of whether ACVD is solely a marker of poor prog-
nosis in this population, or a potentially correctable pathology.
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In a subgroup analysis of the COMPANION trial, patients receiv-
ing CRT with a baseline prolonged PR interval >200 ms derived
the most benefit as compared to patients with a baseline nor-
mal PR interval [4]. A post hoc analysis of the MADIT-CRT study
showed that non-LBBB patients with prolonged PR interval im-
planted with a CRT-D had a significant reduction in the cumu-
lative probability of HF and death, but patients with normal PR
interval had increased incidence of HF or death after initiation
of resynchronization therapy [5]. A substudy from the CARE HF
trail demonstrated that, although prolongation of PR interval
was a predictor of worse prognosis in both optimal medical
treatment and CRT groups, normalization of PR interval by re-
synchronization therapy significantly improved the outcome [3].

The interest in restoring normal AV conduction in patients with
HFREF comes from the observation that prolonged PR inter-
val results in AV dyssynchronization, which impairs diastolic
LV filling by delaying mitral valve closure and creating diastol-
ic mitral regurgitation [23]. Specifically, in patients with HFREF
with coexisting IVCD in whom prolongation of QRS is associ-
ated with more advanced myocardial disease and worse LV
function [8], such ineffective contribution of the atrial systole
to the stroke volume would further decrease cardiac perfor-
mance. As opposed to our study, in the ReThinQ trial subanal-
ysis, PR interval of patients with HFREF but without IVCD (QRS
<130 ms) was not associated with exercise capacity [9]. We
hypothesized that patients with less severe LV disease could
compensate for increased duration of PR interval and there-
fore it does not influence the exercise capacity. On the con-
trary, patients with more severely diseased LV who have IVCD
are more sensitive to delay in AV conduction; therefore, PR
prolongation further decreases exercise capacity.

In addition to the stroke volume, cardiac output is dependent
on the HR. Presence of Cl in patients with HFREF is an impor-
tant determinant of reduced exercise capacity and is relative-
ly common in patients with AVCD [24].

These detrimental hemodynamic and chronotropic effects of
elongated PR interval in already-existing HFREF not only im-
pair prognosis but may also escalate the severity of symp-
toms and hence are poorly tolerated by this group of patients.
Optimization of AV conduction has therefore been suggested
to augment the hemodynamic response to single or bi-ven-
tricular pacing in HFREF patients [25-27]. In fact, results of
the ReThinQ trial subanalysis showed that implantation of a
CRT device in patients with PR interval >180 ms was associat-
ed with a significant increase in VO, _, as compared to those
with PR <180 ms, who derived no such benefit [9]. However,
several studies have shown that presence of AVCD in patients
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with HFREF is associated with a more advanced stage of the
disease and the risk for this a priori “sicker” subset of HFREF
patients is not compensated by the positive effect of CRT on
restoring AV synchrony [7,28,29].

We showed that patients with HFREF and coexisting IVCD,
who additionally suffered from AVCD, exhibited worse exer-
cise capacity compared to those with normal AV conduction.
This reduction in exercise capacity appeared to be irrespec-
tive of echocardiographic parameters of LV systolic or diastolic
function. In line with previous observations, ischemic etiology
and older age were related to a reduction in exercise capaci-
ty [30-32]. In addition to a study reporting that in HFREF pa-
tients with QRS >120 ms, wider QRS was not associated with
a further decrease in VO, [8], our results suggest that pro-
longation of PR interval may actually be a more powerful pre-
dictor of exercise intolerance than QRS width and morpholo-
gy in this group of patients.

Conclusions

Delayed AV conduction contributes to decreased exercise ca-
pacity in patients with HFREF and coexisting IVCD.

Limitations

This study was a retrospective analysis, but the study pop-
ulation came from a prospective registry designed to evalu-
ate the role of echocardiographically-assessed different types
of dyssynchrony on exercise capacity in HFREF patients with
wide QRS complexes. It was a single-center investigation with
a limited number of participants. Despite this drawback, we
believe that the consistency of the results validates the ob-
servations. As the study group was strictly specified, the re-
sults of our study should not be extrapolated to other HFREF
patient populations. Long-term follow-up and large-scale pro-
spective studies are needed to validate our results.

Strengths

Our results add to the limited body of literature on the im-
pact of AVCD on exercise capacity in this distinctively debili-
tated group of HFREF patients, furthering the hypothesis that
correction of AVCD in this group of patients can improve their
exercise capabilities.

Statement

This study was not supported by any extramural funding.

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]
[Chemical Abstracts/CAS] [Index Copernicus]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)




Stepniewski J. et al.:
Atrioventricular conduction delay and exercise capacity
© Med Sci Monit, 2017; 23: 3989-3995

References:

—_

N

w

IS

S,

(=2}

~

o

o

10.

11

12.

13.

. Kwok CS, Rashid M, Beynon R et al: Prolonged PR interval, first-degree heart

block and adverse cardiovascular outcomes: A systematic review and me-
ta-analysis. Heart, 2016; 102: 672-80

. Crisel RK, Farzaneh-Far R, Na B, Whooley MA: First-degree atrioventricu-

lar block is associated with heart failure and death in persons with stable
coronary artery disease: Data from the Heart and Soul Study. Eur Heart J,
2011; 32: 1875-80

. Gervais R, Leclercq C, Shankar A et al., CARE-HF Investigators: Surface elec-

trocardiogram to predict outcome in candidates for cardiac resynchroni-
zation therapy: A sub-analysis of the CARE-HF trial. Eur J Heart Fail, 2009;
11: 699-705

. Olshansky B, Day JD, Sullivan RM et al: Does cardiac resynchronization ther-

apy provide unrecognized benefit in patients with prolonged PR intervals?
The impact of restoring atrioventricular synchrony: An analysis from the
COMPANION Trial. Heart Rhythm, 2012; 9: 34-39

. Kutyifa V, Stockburger M, Daubert JP et al: PR interval identifies clin-

ical response in patients with non-left bundle branch block: A Multicenter
Automatic Defibrillator Implantation Trial-Cardiac Resynchronization Therapy
substudy. Circ Arrhythm Electrophysiol, 2014; 7: 645-51

. Stockburger M, Moss AJ, Klein HU et al: Sustained clinical benefit of cardiac

resynchronization therapy in non-LBBB patients with prolonged PR-interval:
MADIT-CRT long-term follow-up. Clin Res Cardiol, 2016; 105: 944-52

. Kronborg MB, Nielsen JC, Mortensen PT: Electrocardiographic patterns and

long-term clinical outcome in cardiac resynchronization therapy. Europace,
2010; 12: 216-22

. Kalra PR, Sharma R, Shamim W et al: Clinical characteristics and surviv-

al of patients with chronic heart failure and prolonged QRS duration. Int )
Cardiol, 2002; 86: 225-31

. Joshi NP, Stopper MM, Li J et al: Impact of baseline PR interval on cardi-

ac resynchronization therapy outcomes in patients with narrow QRS com-
plexes: An analysis of the ReThinQ Trial. ) Interv Card Electrophysiol, 2015;
43: 145-49

Kligfield P, Gettes LS, Bailey JJ et al., American Heart Association
Electrocardiography and Arrhythmias Committee, Council on Clinical
Cardiology; American College of Cardiology Foundation; Heart Rhythm
Society: Recommendations for the standardization and interpretation of the
electrocardiogram: Part I: The electrocardiogram and its technology a sci-
entific statement from the American Heart Association Electrocardiography
and Arrhythmias Committee, Council on Clinical Cardiology; the American
College of Cardiology Foundation; and the Heart Rhythm Society endorsed
by the International Society for Computerized Electrocardiology. J Am Coll
Cardiol, 2007; 49: 1109-27

. Mason JW, Hancock EW, Gettes LS et al., American Heart Association

Electrocardiography and Arrhythmias Committee, Council on Clinical
Cardiology; American College of Cardiology Foundation; Heart Rhythm
Society: Recommendations for the standardization and interpretation of the
electrocardiogram: Part Ill: Intraventricular conduction disturbances: A sci-
entific statement from the American Heart Association Electrocardiography
and Arrhythmias Committee, Council on Clinical Cardiology; the American
College of Cardiology Foundation; and the Heart Rhythm Society. Endorsed
by the International Society for Computerized Electrocardiology. J Am Coll
Cardiol, 2009; 53: 976-81

Piepoli MF, Corra U, Agostoni PG et al, Task Force of the Italian
Working Group on Cardiac Rehabilitation and Prevention (Gruppo Italiano
di Cardiologia Riabilitativa e Prevenzione, GICR); Working Group on Cardiac
Rehabilitation and Exercise Physiology of the European Society of Cardiology:
Statement on cardiopulmonary exercise testing in chronic heart failure due
to left ventricular dysfunction: recommendations for performance and in-
terpretation Part Il: How to perform cardiopulmonary exercise testing in
chronic heart failure. Eur J Cardiovasc Prev Rehabil, 2006; 13: 300-11

Balady GJ, Arena R, Sietsema K et al., American Heart Association Exercise,
Cardiac Rehabilitation, and Prevention Committee of the Council on Clinical
Cardiology. Council on Epidemiology and Prevention; Council on Peripheral
Vascular Disease; Interdisciplinary Council on Quality of Care and Outcomes
Research: Clinician’s Guide to cardiopulmonary exercise testing in adults:
A scientific statement from the American Heart Association. Circulation,
2010; 122: 191-225

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

CLINICAL RESEARCH

Astrand I: Aerobic work capacity in men and women with special reference
to age. Acta Physiol Scand Suppl, 1960; 49: 1-92

Katritsis D, Camm AJ: Chronotropic incompetence: a proposal for definition
and diagnosis. Br Heart J, 1993; 70: 400-2

Lang RM, Badano LP, Mor-Avi V et al: Recommendations for cardiac cham-
ber quantification by echocardiography in adults: An update from the
American Society of Echocardiography and the European Association of
Cardiovascular Imaging. Eur Heart J Cardiovasc Imaging, 2015; 16: 233-70

Galderisi M, Henein MY, D’hooge J et al., European Association of
Echocardiography. Recommendations of the European Association of
Echocardiography: how to use echo-Doppler in clinical trials: Different mo-
dalities for different purposes. Eur ) Echocardiogr, 2011; 12: 339-53

Bowers D: Medical Statistics from Scratch: An Introduction for Health
Professionals. 2" Edition. Chichester: John Wiley & Sons Ltd., 2008

Brignole M, Auricchio A, Baron-Esquivias G et al., ESC Committee for Practice
Guidelines (CPG): 2013 ESC Guidelines on cardiac pacing and cardiac re-
synchronization therapy: The Task Force on cardiac pacing and resynchro-
nization therapy of the European Society of Cardiology (ESC). Developed
in collaboration with the European Heart Rhythm Association (EHRA). Eur
Heart J, 2013; 34: 2281-329

McMurray JJ, Adamopoulos S, Anker SD et al., ESC Committee for Practice
Guidelines. ESC Guidelines for the diagnosis and treatment of acute and
chronic heart failure 2012: The Task Force for the Diagnosis and Treatment of
Acute and Chronic Heart Failure 2012 of the European Society of Cardiology.
Developed in collaboration with the Heart Failure Association (HFA) of the
ESC. Eur Heart J, 2012; 33: 1787-847

Chow GV, Marine JE, Fleg JL: Epidemiology of arrhythmias and conduction
disorders in older adults. Clin Geriatr Med, 2012; 28: 539-53

Schoeller R, Andresen D, Biittner P et al: First- or second-degree atrioven-
tricular block as a risk factor in idiopathic dilated cardiomyopathy. Am )
Cardiol, 1993; 71: 720-26

Barold SS, llercil A, Leonelli F, Herweg B: First-degree atrioventricular block.
Clinical manifestations, indications for pacing, pacemaker management &
consequences during cardiac resynchronization. J Interv Card Electrophysiol,
2006; 17: 139-52

Brubaker PH, Kitzman DW: Chronotropic incompetence: causes, conse-
quences, and management. Circulation, 2011; 123: 1010-20

Brecker SJD, Xiao HB, Sparrow J, Gibson DG: Effects of dual-chamber pacing
with short atrioventricular delay in dilated cardiomyopathy. Lancet, 1992;
340: 1308-12

Hochleitner M, Hoertnagl H, Ng CK et al: Usefulness of physiologic dual
chamber pacing in drug-resistant idiopathic dilated cardiomyopathy. Am )
Cardiol, 1990; 66: 198-202

Hu Y, Gurev V, Constantino J, Trayanova N: Efficient preloading of the ven-
tricles by a properly timed atrial contraction underlies stroke work improve-
ment in the acute response to cardiac resynchronization therapy. Heart
Rhythm, 2013; 10: 1800-6

Januszkiewicz t, Vegh E, Borgquist R et al: Prognostic implication of baseline
PR interval in cardiac resynchronization therapy recipients. Heart Rhythm,
2015; 12: 2256-62

Lee YH, Wu JH, Asirvatham S) et al: Effects of atrioventricular conduction
delay on the outcome of cardiac resynchronization therapy. ) Electrocardiol,
2014; 47: 930-35

Clark AL, Harrington D, Chua TP, Coats AJ: Exercise capacity in chronic heart
failure is related to the aetiology of heart disease. Heart, 1997; 78: 569-71

De Feo S, Franceschini L, Brighetti G et al: Ischemic etiology of heart fail-
ure identifies patients with more severely impaired exercise capacity. Int J
Cardiol, 2005; 104: 292-97

Forman DE, Clare R, Kitzman DW et al: Relationship of age and exercise per-
formance in patients with heart failure: The HF-ACTION study. Am Heart J,
2009; 158: S6-15

Indexed in:
[ISI Journals Master List]
[Chemical Abstracts/CAS]

[Index Medicus/MEDLINE]
[Index Copernicus]

[Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[EMBASE/Excerpta Medica]



